Both purine (1, 10) and urea (3) derivatives have been shown by various bioassays to be active cytokinins, the latter leading Bruce and Zwar (3) to hypothesize -NH--CO-NH-R as the active portion of the cytokinin molecule. Currently, cytokinins which have been extracted from plant materials, particularly from transfer RNA, are all N6-substituted purines (7, 14) . Fox and Chen, after demonstrating that benzyladenine, an N6-substituted purine, is incorporated into transfer RNA, hypothesized that cytokinins structurally complete certain inactive transfer RNA molecules, allowing them to function normally (5). While there is disagreement about this mechanism (8), the importance of purines is undisputed.
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Chua (4), using the chlorophyll retention assay, has recently identified 8-quinolinol sulfate ( Fig. 1) , an antimicrobial agent, as a cytokinin with maximal activity at 0.1 to 1 mm. This chemical differs markedly in structure from the usual purine nucleus, and obviously could not function through incorporation into tRNA. Chua suggests, somewhat unclearly, that the controlling activity of 8-quinolinol sulfate may be as a chelator, interfering in specific protein-metal cofactor relationships. In contrast, Rameshwar and Steponkus (16) report that 8-quinolinol sulfate cannot replace kinetin in stimulating the growth of soybean callus.
Since the establishment of 8-quinolinol sulfate as a true cytokinin would throw considerable doubt on current ideas of the mechanism of cytokinin action, a more thorough evaluation of this compound, including possible interactions with known cytokinins, is desirable. In view of the fact that the conflicting results mentioned previously are based on only one bioassay performed in each laboratory, we decided to use several assays, each of which is highly specific (11, 18), and conducted in axenic conditions: the growth of tobacco pith (15) and soybean callus (13) , and the production of buds by moss protonema (2).
METHODS AND MATERIALS
The tobacco callus bioassay was carried out on the media of Murashige and Skoog (15) , with the addition of 2 mg IAA/ liter and 1.6% agar. Pith was excised, by using a cork borer, from randomized segments of ornamental tobacco stem (Nicotiana tabacum L. cv. Assimis, obtained from Pennsylvania State University), cut into 0.5 x 0.3 cm pieces and 1 piece placed on approximately 35 ml of medium in a Petri dish. Final weights were taken after 4 to 5 weeks of growth in the dark.
Soybean callus (Glycine max (L.) Merr., var. Acme) was obtained from Dr. H. Kende, AEC Plant Research Laboratory at Michigan State University. Pieces of callus, approximately 1.0 x 0.5 cm, were placed on 50 ml of solidified media (13) in 125-ml Erlenmeyer flasks and grown under continuous light for 6 to 7 weeks, when final weights were taken.
The assay employing moss protonema was carried out as described by Brandes and Kende (2) on the media of Wood et al. (20) . Spores of Funaria hygrometrica (L.) Sibth, also supplied by Dr. H. Kende, were grown in Petri plates for 26 days on the basal medium, and then bits of the protonematal mass were transferred by use of a sterile scalpel to plates containing the basal medium plus test substances for 5 to 6 days, at which time buds were counted.
Quinolinol sulfate, obtained from Eastern Organic Chemicals, Rochester, New York, was sterilized either by autoclaving or by filter sterilization. It was then added aseptically to the basal media used in the tests. Kinetin was obtained from Calbiochem and Sigma and added directly to the media, which were then autoclaved.
RESULTS AND DISCUSSION
The results of the tobacco pith, soybean callus, and moss bud bioassays are given in Tables I, II , and III, respectively. In these tests, 8-quinolinol sulfate induced no response characteristic of cytokinin activity. Concentrations from 1 mm to 10 AM, in fact, were quite inhibitory. Both tobacco pith and soybean callus cultures died within a few days and the moss protonemata became plasmolyzed as well as decolored. In addition, these media hardened with a blue color, possibly indicating chelation of certain ions in the media by 8-quinolinol sulfate. Kinetin-treated tobacco callus gave maximal growth at 1 ALM, coinciding with published results (15), while soybean callus evidenced an approximate linear increase in weight with concentration over the range 0.1 to 10 AM, also characteristic for this test (13, 16) . In the moss protonemata assay, buds formed in the presence of kinetin are numerous and seen as erect plantlets, while on 8-quinolinol sulfate buds are either not present or are very young and almost indistinguishable from branch primordia. The only significant interaction between the two compounds is the reduction of kinetin-induced moss bud production by 0.1 mm 8-quinolinol sulfate. Similar results, not tabulated here, were obtained using a new bioassay based on the expansion of radish cotyledons (12) .
According to Chua (4), the pH of 8-quinolinol sulfate solutions must be nearly neutral for maximal activity. Several cytokinin bioassays, including those used in this study, are commonly run at values below 6.0, a factor not considered by Rameshwar and Steponkus (16) in their soybean callus experiment. The experiments reported above were conducted both at pH 6.3 to 6.4 and at the standard values suggested by the references cited (tobacco and soybean callus growth: 5.8; moss protonemata: 4.5). Raising the pH to 6.4 caused a lowered response to kinetin only in the moss bud test and in no instance affected the 8-quinolinol sulfate results or the qualitative comparisons between the two compounds.
Another factor considered in the experimental techniques employed in this study was the heat stability of 8-quinolinol (7) lO0.AM 31 ±4 10 (7) i/SM 34±-i 12 (7) O.lgem 73 ±+-20 (9) 10 nlm 50±--10 (12) 1 nlm 93±--20 (4) Kinetin, 1 (Tables I  and II ).
The findings of these axenic bioassays, in particular the moss bud test which is extremely sensitive to all purine-type cytokinins (20) , strongly indicate that 8-quinolinol sulfate is not a true cytokinin and confirm the earlier suggestion by Rameshwar and Steponkus (16) . The chlorophyll retention assay employed by Chua (4) suffers from a lack of specificity (11). Both gibberellins (6, 17) and soluble peptones (17) are more active than cytokinins in retarding the senescence of Rumex leaves, and EDTA retards chlorophyll loss in darkmaintained barley leaves (9) . This appears to be another case in which the chlorophyll retention assay is too unspecific to be used in evaluating proposed cytokinins. As 
